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Abstract—Two-phase superconductor tapes were produced by
blending high purity magnesium diboride powder with a liquid
ethylcellulose-based polymeric binder. This procedure produced
a material which is easily formable with a high superconducting
transition temperature (38K). We show that the bulk supercon-
ducting properties are not affected by the presence of the binder,
nor is there any evidence of a chemical reaction between the
superconducting particles and the binder. However, the transport
properties of the material are strongly affected by the presence
of the binder, which leads to a seven order of magnitude increase
of the normal state resistance along with a seven order of
magnitude decrease of the transport critical current density. This
new material is shown to be equivalent to a system of coupled
Josephson junctions.
I. INTRODUCTION
Magnesium diboride was found to be superconducting in
2001 by Nagamatsu et al. [1]. In crystalline or polycrystalline
form MgB2 has a transition temperature of 39 K [1], the high-
est for any simple intermetallic compound in addition of being
one of the lightest. It boasts a high critical current density,
surpassing 85,000 A/cm2 [2], a high critical magnetic field,
typically 8 T at 21 K [3] and grain boundary transparency [4].
This leads to a huge potential for applications [5] in view of
replacing other very successful conventional superconductors
based on niobium alloys, which all have lower critical temper-
atures but have been used as workhorses for superconducting
applications like magnets. It turns out that MgB2 is a simple
compound, which was already discovered in 1953 [6]. The
wide availability of this compound eliminates many steps in
its fabrication, including sintering and pressing, synthesis at
elevated temperatures and under reducing conditions, as is the
case for other high temperature cuprate superconductors. The
pairing mechanism is meditated by phonons, which makes it
a conventional BCS superconductor [8] with the exception of
it’s two double gap structure [9]. Thanks to its conventional
pairing mechanism it would be an ideal candidate for the next
generation of quantum interferences devices based on isotropic
tunneling in Josephson junction.
A major roadblock in the development of magnesium boride
in its quest to supplant other conventional compounds is the
relative difficulty in producing reliable superconducting wires.
While some techniques such as the powder in tube method
[7] have proven to work, they remain very brittle, similar
to high temperature cuprate superconductors. The idea in
this work is to explore new avenues in order to fabricate a
more robust and malleable material, with a good potential for
quantum interference devices and which can be easily molded
in any shape. Therefore it is important to have an isotropic
material, where the properties do not depend on particular
orientations. Hence, we explored the possibility of obtaining
such a material by using readily available polycrystalline
MgB2 powder as starting material and bind it using a cellulose
based polymer. Cellulose tends to react only very weekly and
is very robust, hence constitutes a good candidates for forming
novel compounds.
II. FABRICATION
The MgB2 powder was incorporated into a flexible poly-
meric matrix, ethylcellulose which can be naturally derived
and shaped into any geometry. The binder was prepared from
a mixture of Standard 45 Ethocel and a 50/50 solvent blend
of butyl Cellosolve and terpineol. The MgB2 powder was
commercially obtained and of 99.8% purity, of particles below
44 microns and was incorporated with the prepared wet binder
in ratios varying from 20% to 90%. In order to produce tapes,
the MgB2 paste was spread onto an Al foil substrate and
then dried before depositing contacts. Some samples were
also deposited directly on a plastic sample holder, which
did not affect the quality of the samples. Shaping the tapes
required a simple cutting tool and peeling from the flexible
aluminium substrate. The surface of the tapes was imaged
at high magnification using a Hitachi 4700-S field emission
gun scanning electron microscope (FEGSEM) shown in figure
1. The surface is rough due to the polymer component as
well as the jaggedness of the MgB2 particles. This method
is quite different from the powder in tube method since no
inter-diffusion is occurring.
The elemental and compound identifications were deter-
mined using energy dispersive spectroscopy (EDS) and x-
ray diffraction (XRD). XRD was performed using a Philips
1050/65 x-ray diffractometer and a Philips PW 1710 diffrac-
tometer. The American Instrument Inc. x-ray generator was
the source of CuKα radiation. The spectrum is shown in figure
2. Except for some additional traces of magnesium oxide, no
other elements other than MgB2 are seen. More importantly,
there is no change in the spectrum when comparing X-ray
diffraction of the powder directly with the diffraction of the
Fig. 1. SEM image of the MgB2 polymer tape showing surface topography
and MgB2 particles
Fig. 2. X-ray diffraction spectrum of a MgB2 polymer tape.
MgB2 polymer tape, indicating that no structural change is
occurring in the polymer mix.
The elemental analysis, using EDS showed expected peaks
for B, C, O and Mg. The carbon and oxygen peaks are
attributed to the polymer component of the sample, whose con-
stituent compounds are ethylcellulose, [C6H7O2(OC2H5)3]n,
and butyl acetic Cellosolve C4H9OCH2CH2OC(O)CH3.
In order to investigate the possibility of a chemical change
in the ethylcellulose polymer during fabrication, Fourier trans-
form infrared spectroscopy (FT-IR) analysis was conducted
shown in figure 3. The dried binder, the MgB2 powder and the
MgB2 polymer tapes were analyzed via FT-IR separately and
the strongest peaks were located and compared to the MgB2
polymer tapes. The FT-IR instrument was a Bio-Rad FTS 6000
spectrometer, used at 2.5 kHz with a resolution of 8 cm−1 for
128 scans in the range of 4000 to 450 cm−1. Carbon black was
used to determine the background spectrum. The signal was
amplified using a photoacoustic (PA) accessory. In addition,
the MgB2 polymer tapes were crushed for greater signal
amplification before placing in the PA cell. We found peaks at
(1056, 1383, 2844, 2930, 3482) cm−1, when measuring only
the polymer, which is consistent with the results by Suthar et
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Fig. 3. FT-IR intensity for the MgB2-polymer tape (red) and the sum of the
intensities for the MgB2 powder only plus the polymer only.
al. [10] for ethylcellulose. The same peaks were found again
in the FT-IR spectrum of the MgB2-polymer tapes, showing
that there is no chemical change of the ethylcellulose when
mixed to the MgB2 powder. The only change was a substantial
weakening of the peak at 3482cm−1, which corresponds to
the O-H stretching as indicated by the circle on figure 3. The
MgB2-polymer tapes showed additional peaks at (506, 671,
1459, 1650, 671) cm−1, corresponding to the MgB2 system.
We found these same peaks when measuring only the MgB2
powder, which demonstrates that the ethylcellulose did not
affect the MgB2 system either. The positions of the peaks
were all consistent with the ones measured by other groups in
MgB2 [11], [12], [13]. Surprisingly, no new peak was found
between 450 and 4000 cm−1, which might correspond to a
new bond created between the polymer and MgB2. Overall,
the FT-IR measurements showed that mixing MgB2 powder
with ethylcellulose does not alter its components significantly.
III. BULK SUPERCONDUCTIVITY
Bulk superconductivity was tested by performing standard
magnetization measurements as a function of temperature and
field. The temperature dependence shows a sharp drop at
TC = 38 ± 0.5K as shown in figure 4 and indicates high
quality superconducting MgB2 particles. The dependence is
very similar to observations of single polycrystals of MgB2
[14]. This means that the cellulose based binder does not alter
the superconducting properties of the MgB2 particles.
For magnetic fields beyond the first critical field Bc1, it
is possible to extract the bulk critical current density from
the hysteric magnetization curve using Bean’s model and
assuming that the polycrystals in the binder are well separated.
For cylindrical-like grains the critical current density is then
given by JC = 3∆M/a [15], where the factor 3 is a geo-
metrical factor assuming a cylindrical shape. This geometrical
factor varies by less than a factor of two for any standard
geometry with a similar aspect ratio. Hence, the order of
magnitude of the extracted current is insensitive to the details
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Fig. 4. The Magnetization at low fields for a MgB2-polymer tape as a
function of temperature.
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Fig. 5. The hysteresic magnetization dependence as a function of applied
magnetic field. The lower curve corresponds to the up-sweep, whereas the top
curve shows the down sweep.
of our assumptions. ∆M is the difference in magnetization
in international units [A/m] of the up-sweep and the down-
sweep. a (in meter) is the average diameter of the particle in
the direction perpendicular to the applied field. JC shown in
figure 5, therefore represents the magnetization critical current
density of a single superconducting particle. It is also possible
to extract the susceptibility of the entire sample, by evaluating
the slope of the initial low field magnetization curve, which
we found to be χ = −0.45±0.05. In order to obtain this value
we used an effective demagnetizing factor corresponding to a
vertical cylinder of aspect ratio 1 [16]. This implies that only
about half (by volume) of the sample is superconducting, i.e.,
the binder does not contribute to superconductivity. Indeed, the
density of the MgB2 polymer was (1.7±0.2)g/cm3 as opposed
to 2.6g/cm3 for the density of a MgB2 crystal, which amounts
to 60% of MgB2 particles and is comparable to the measured
susceptibility.
Assuming a typical particle diameter of 40µm we obtain a
Fig. 6. Image of the MgB2 polymer with contacts on a probe header.
maximum critical current density of Jc ≃ 106A/cm2, which
is very similar to the results for a single polycrystal [14] of
a similar size. This shows that the superconductivity within
a particle is not affected by the presence of the cellulose
based binder. This is however in stark contrast, as we will see
below, to the transport properties, where the coupling between
superconducting particles becomes important.
IV. TRANSPORT SUPERCONDUCTIVITY
In order to measure the transport properties we made ohmic
contacts using two different methods. The simplest consists
in placing silver wires in the wet MgB2 powder-binder mix
and letting it dry and solidify. Such a sample is shown in
figure 6, where it is mounted on a 14pin header for transport
measurements. Alternatively, silver epoxy was used as well.
Quite strikingly, the temperature dependence of the resis-
tance is very weak above the critical temperature, before
dropping very slowly into the superconducting regime as
shown in figure 7. While the onset is at TC = 38.4 ± 0.5K
and very close to the value obtained from magnetization
measurements, the transition width as measured from the 10%
and 90% value of the normal resistance is ∆T = 15±3K. The
errors are based on the statistics of a dozen tested samples all
showing very wide transitions. This has to be contrasted to the
case of polycrystals or single crystals, where the temperature
drop is very sharp.
Similarly striking is the extremely high value of resistivity
above TC . Indeed, our samples show a range in resistivities
of ρ = 3 − 20Ω cm, which is about 7 orders of magni-
tude higher than typical values for crystals and polycrystals
(ρ ≃ 2.5µΩcm) [17]. A typical resistance for our sample
geometry is 100Ω. Moreover, the temperature dependence of
the normal resistance is very weak just above TC . It varies by
less than 20% up to 200K. This again is very different to single
crystals and polycrystals, where the residual resistance ratio
(RRR) factor is about 5 and 20, respectively. Above 200K,
some of our samples show almost no temperature dependence
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Fig. 7. Resistance normalized to the resistance just above TC as a function of
temperature. The main figure shows the dependence of the high temperature
part, whereas the inset shows the temperature dependence of the normalized
resistance on a logarithmic scale close to the superconducting transition.
(less than 20%), whereas other samples show an increase up to
a factor 10. We believe that is probably due to the mechanical
rearranging of some particles.
When comparing the transport critical current density, as
determined from the current voltage characteristics, to the
critical current density extracted from the magnetization data
we obtain a transport critical current density in the range
JC=0.05-0.2 A/cm2, which is 7 orders of magnitude smaller
than the magnetization critical current density.
Hence, this leaves us to draw the following picture of what
is happening in this superconducting compound: The MgB2
superconducting particles are largely unaffected by the mixing
with the cellulose based binder, which holds the supercon-
ducting particles together. Macroscopic superconductivity is
obtained thanks to Josephson coupling between these particles.
This coupling is strong enough to allow for macroscopic super-
conductivity to occur. The presence of the Josephson junctions
(JJ) in the system explains the wide transition observed around
the critical temperature.
Further evidence that this system is dominated by a network
of JJ is the nature of the magnetic field induced transition. As
shown in figure 8, the magnetic field induced transition from
normal to superconducting is extremely wide (about 6T) as
measured from the 10% to 90% value of the normal resistance.
This is very different from single crystals or polycrystals,
which exhibit a much narrower transition range.
This picture of a network of JJ also explains the very
low values of critical transport currents observed. Indeed,
the Ambegaokar Baratoff relation [18] for JJ implies an
inverse dependence between the critical current and the normal
resistance (JC ∼ R−1N ). Hence, the 7 order of magnitude
increase of the normal resistance as compared to the single
crystal can be directly related to the observed 7 order magni-
tude decrease in critical currents, providing further evidence
that our sample structure is dominated by JJ. Interestingly,
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Fig. 8. The normalized resistance as a function of the magnetic field at 4.2K
varying the ratio of the cellulose binder to MgB2 does not
significantly alter the transport properties, indicating that the
coupling between superconducting particles is not affected by
the ratio of cellulose to MgB2. Therefore, the cellulose binder
simply ”holds” the superconducting particles together without
modifying any of the intrinsic properties. Within this picture it
is then possible to greatly enhance the critical current density
by simply reducing the size of the superconducting particles,
which would lead to an increase proportional to JC ∼ a−2
[19], where a is the typical diameter of the superconducting
particles. Consequently, the normal resistivity would decrease
as ρN ∼ a. For reasonable values of particle sizes (60nm)
this would lead to a critical current density of the order of
JC ≃ 10
5 A/cm2 and therefore represent a very interesting
system for various applications.
V. CONCLUSION
In summary, we discovered an efficient production path to
making MgB2 tapes through an initial formable step involving
a cellulose based binder. The material exhibits a high transition
temperature close to that of crystalline MgB2. We showed that
the binder does not alter any of the chemical properties and
constitutes an optimal way to form a new compound, which is
mechanically strong and formable. The main drawback is the
very low critical current density. However, the current density
could be increased substantially by using much smaller particle
sizes, hence opening the door for many potential applica-
tions for high temperature superconductivity and possibly new
quantum interference devices based on the intrinsic Josephson
junctions.
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